Introduction
There is evidence to suggest that the point mutation of oncogenes and suppressor genes is associated with occupational or environmental carcinogens'. For example, mutation of the p53 suppressor gene has been reported in *To whom correspondence should be addressed.
hepatoma caused by aflatoxin2-5~, in angiosarcoma caused by vinyl chloride6~, and in lung cancer caused by radon'' g).
Malignant mesothelioma is caused by exposure to asbestos, an occupational and environmental carcinogen9> that can damage DNA through the production of reactive oxygen10~
Alterations in the p i61 and NF212~ suppressor genes have been observed in 24 of 40 (60%) and eight of 15 malignant mesothelioma cases (53%), respectively; a history of asbestos exposure was proven in 60% of the cases in the former study]], but such information was not obtained in the latter study12). Single-point muation of the p53 suppressor gene has also been reported in two of 20 malignant mesothelioma cell lines (colons 245 and 278)13), and two of the four cell lines (colons 175 and 245)14). However, the mutation observed in the cell lines requires careful interpretation, as point mutation of genes can occur during serial passage in vitro15). Therefore, analysis of the genes of primary tumors is necessary. Recently, eleven primary tumors of malignant mesothelioma, including those from cases with exposure to asbestos, were examined for the Ha-ras oncogene, but no mutation was found16). Similarly, no alteration in the p53 suppressor gene was demonstrated in 13 primary tumors of malignant mesothelioma, in which only two cases had a history of asbestos exposure'7). Furthermore, no mutation has been observed for the Ki-ras oncogene in malignant mesothelioma cell lines13).
In the present study, we analyzed the Ha-and Ki-ras oncogenes and the p53 suppressor gene in the primary tumor of seven malignant mesothelioma patients with a definite history of exposure to asbestos. The genetic analysis was made by the polymerase chain reaction-single strand comformation polymorphysm (PCR-SSCP) method in all patients. In additon, sequencing of deoxyribonucleic acid (DNA) was carried out in one of the patients.
Subjects and Method
The sex, age, occupation, exposure to asbestos, cell types of the malignant mesothelioma, and Brinkman's index of all seven patients who died of malignant mesothelioma are shown in Table 1 . Histological diagnosis of malignant mesothelioma was performed by one of the present authors (H.A.), a qualified pathologist. The type of asbestos fibers was identified by the same author using an energy-dispersive X-ray spectrometer (JED-2001, JEOL DATUM, Tokyo) attached to a scanning microscope (JSM-5300LV, JEOL DATUM, Tokyo).
DNA was extracted from the formalin-fixed and paraffinembedded tissues of all seven patients by the following standard method18): From a block of the tissue specimens, 5-ttm sections were dissected.
An area precisely corresponding to that of the tumor lesion was cut out from the sections, deparaffinized, and then digested with Proteinase K (Boehringen Mannheim GmbH, Mannheim). DNA was purified by means of phenol-chloroform extraction and ethanol precipitation, and was amplified by 30 to 40 cycles of polymerase chain reaction (PCR)19) through the use of Gene Amplification PCR System 9600 (Perkin-Elmer Cetus, Norwalk, California). In the PCR, codons 1 to 31(exon 1) and 34 to 93 (exon 2) of the Ha-ras oncogene were amplified, as mutation frequently occurs at codons 12, 13, and 6120). Codons 1 to 37 (exon 1) and 48 to 80 (exon 2) of the Ki-ras oncogene were also amplified. Similarly, codons 126 to 307 (exons 5 to 9) of the p53 suppressor gene were amplified. The primers of the PCR used in this study are shown in the Appendix. The PCR products were further amplified with [alpha-32P] dCTP at 20 to 40 cycles of reactions in a Quick Thermo II (Nippon Genetics, Tokyo, Japan) for PCR-SSCP analysis, and were then subjected to electrophoresis at 35 watts using 5% polyacrylamide gel with 5% glycerol added21, 22). The electrophoresis time was two to three hours, depending on the length of the amplified nucleotide. The gel was dried and exposed to X-ray film at room temperature for three to 24 hr through the use of an intensification screen.
DNA was also extracted from the leucocytes of a healthy male volunteer, 29 years of age, and used as the normal control. Similarly, a DNA sample that had a GGC to GTC transversion at colon 12 (exon 1) in the Ha-ras oncogene Sequence analysis of the Ha-and Ki-ras oncogenes and p53 suppressor gene for the codons described above was conducted in one patient (Patient 1, Table 1 ), in order to confirm the normal pattern that was revealed through SSCP analysis. Sequencing reactions were carried out using a Dye Deoxy Terminator Cycle Sequencing kit, and the products were analyzed using the 373A Sequencer Biosystems Inc., Foster City, California).
Results

(Applied PCR-SSCP analysis
Neither mutation nor deletion in exons 1 and 2 of Haand Ki-ras oncogenes, or in exons 5 to 9 of the p53 suppressor gene, were found in any of the seven malignant mesothelioma patients. Figure 1 illustrates the results for seven patients, This appears to be the first report in which a primary tumor was directly analyzed to examine changes in the ras oncogenes and p53 supressor gene simultaneously in malignant mesothelioma patients with a definite history of asbestos exposure. However, the study failed to demonstrate any genetic alteration in the Ha-and Ki-ras oncogenes or the p53 suppressor gene. Further studies with a larger number of patients are required to reach a definite conclusion concerning the genetic effects of asbestos on malignant mesothelioma.
Neither was any mutation of the p53 suppressor gene was found in four heavy smokers with Brinkman's Indexes above 500 in the present study. This is not consistent with the report by Suzuki et al. 23~ , who showed that mutation of the p53 suppresssor gene in non-small cell lung cancer was closely associated with lifetime cigarette smoking. Further studies are necessary to examine the effects of smoking on the p53 suppressor gene mutation in other malignant tumors.
It has been reported that activation and/or inactivation of oncogenes and suppressor genes such as myc, abl, erb, RB 1, WT1, and DCC are associated with tumorigenesis24>.
Furthermore, it has been reported that the odds ratio for development of malignant mesothelioma in men highly exposed to asbestos is increased in those who have both the glutathione S transferase M 1 gene (GSTM 1) null genotype and the N-acethyltransferase 2 gene (NAT2) slow acetylator genotype, which code the detoxic enzyme, suggesting that the GSTM 1 and NAT2 polymorphisms play an important role in the development of malignant mesothelioma due to asbestos exposure25~. Further studies of various genes, such as p16, NF2, and those genes" 12, 24, 25) found in the primary tumors of malignant mesothelioma with definite exposure to asbestos, are necessary. In addition, as the detective sensitivity of the denaturing gradient gel electrophoresis (DGGE) is higher than that of SSCP analysis, use of the former method is preferable over that of the latter26~. 
